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[57] ABSTRACT 
A lead connection suitable for use in connecting a ?exi 
ble coiled lead to an implantable device. The implant 
able device is provided with a threaded projection hav 
ing an outer diameter sized with respect to the inner 
diameter of the lead’s conductor coil to provide a secure 
interconnection therewith when attached thereto. The 
threaded projection is disposed on top and around a 
feedthrough pin projecting out of the implanted de 
vice’s hermetic canister. The threaded projection is 
screwed into the conductor coil establishing sound elec 
trical contact between the projection and the conduc 
tor. A strain relief collar surrounds the post and lead, 
and a twist-and-pull type connecting ring surrounds the 
base of the strain relief collar. The connecting post is 
prevented from being unscrewed from the conductor 
coil, since an unscrewing motion tends to tighten the 
conductor coil around the threaded post. Since no con‘ 
necting structure is required at the connecting end of 
the lead, the lead can be cut to any appropriate length at 
the time of implant, thereby eliminating problems with 
excess implanted lead. If disconnection is required, the 
lead may be simply cut off just beyond the threaded 
connecting post, or the post may be unscrewed by ap 
plying inward radial or circumferential pressure on the 
conductor coils. In an alternative embodiment, the 
threaded projection is replaced with a tapered triangu 
lar post with either smooth or toothed edges, which is 
inserted into the coiled conductor lead. 

2 Claims, 10 Drawing Sheets 
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TOOL-LESS THREADED CONNECTOR 
ASSEMBLY 

This is a division of co-pending application Ser. No. 
07/879,656, ?led May 6, 1992 now US. Pat. No. 
5,324,312. 

FIELD OF THE INVENTION 

This invention relates generally to the ?eld of electri 
cal connectors, and more particularly relates to a 
method and apparatus for establishing a mechanical and 
an electrical connection between a conductive lead and 
an electronic apparatus. 

BACKGROUND OF THE INVENTION 

A multitude of devices are known for which an elec 
trical and mechanical coupling between a conductive 
lead and an electronic component must be established. 
For example, implantable medical devices such as car 
diac pacemakers, cardioverters, de?brillators, neural 
stirnulators, and the like, must be electrically and me 
chanically connected to one end of an electrical lead. In 
the case of an implantable medical device, there are 
particularly stringent design criteria with regard to the 
mechanical and electrical properties of the lead connec 
tion (i.e., the connection between a conductive lead and 
the device itself). In particular, the lead connection for 
an implantable device should preferably be highly reli 
able, both from a mechanical and from an electrical 
point of view. Any physical structure used in an im 
plantable device lead connection should be small, light 
weight, and biologically inert. A lead connection 
should preferably be capable of withstanding repeated 
?exing of the lead with respect to the device itself; this 
consideration is one reason that implantable leads are 
frequently of a coiled conductor type. Also, the lead 
connection should be strong enough to resist disconnec 
tion due to the various forces that may be exerted on the 
lead connection when implanted in a human body. Fur 
thermore, since the implantation of a medical device is 
a delicate surgical process, the lead connection should 
be relatively simple to effectuate in the surgical envi 
ronment. 

Implanted medical devices such as pacemakers are 
battery-powered electronic devices which are suscepti 
ble to breakage, failure, or battery depletion. Thus, 
these devices may occasionally need to be explanted 
and/ or replaced. Often, though, a lead associated with a 
device need not be removed along with the device. The 
previously implanted lead may be functioning ade 
quately and may have even become ingrown within 
human tissue, making lead removal undesirable. Conse 
quently, a further preferable feature of a lead connec 
tion for an implantable pulse generator is that it should 
allow for disconnection without damage to either the 
lead or the generator, in order that it may be removed 
and/ or replaced without removal or replacement of the 
lead. 
One prevalent means in the prior art for establishing 

the electrical and mechanical connection between a 
lead and an implantable pulse generator has been to 
provide a connector with molded-in connector blocks 
containing set screws. A terminal pin provided at the 
terminal end of the lead is received in a terminal recep 
tacle in the connector, and the lead is then secured in 
place by tightening the set screws, which may also 
provide the requisite electrical contact between the lead 
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2 
conductor and the pacemaker’s hermetic feedthrough 
elements. 
With conventional connector and set screw lead con 

necting arrangements, proper tightening of the set 
screws is of critical importance. Over-torquing of a set 
screw can cause stripping of the set-screw threads or 
damage to the lead terminal or lead conductor. On the 
other hand, under-torquing of the set screw can lead to 
post-implant problems, since the lead terminal may 
become disengaged from the connector receptacle. In 
some cases, therefore, a specially designed set-screw 
driver or other tool may be provided as a means to 
ensure proper tightening. For instance, the tool may be 
designed to “break away” or ?ex after a proper amount 
of torque has been applied to the set screw. 
A further complication with set-screw-type lead con 

nector arrangements is that after tightening, the set 
' screw must be sealed from bodily ?uids which could 
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cause corrosion or short-circuiting of the connector top 
or feed through. This sealing is typically accomplished 
through the use of grommets, which may be damaged 
during tightening of the set screw. 

Several other techniques in the prior art for establish 
ing the electrical and mechanical connection of a lead 
and an implantable medical device are brie?y described 
in US. Pat. No. 4,540,236 to Peers-Trevarton, which 
patent is hereby incorporated by reference. 

Implantable medical devices are typically implanted 
subcutaneously and may be implanted in a patient for 
many years. Accordingly, both for cosmetic reasons 
and for avoiding discomfort and pocket erosion at the 
implant site, it has always been an objective in the de 
sign of implantable devices that the devices be as small 
and lightweight as possible. In recent years, improve 
ments in various technological ?elds, particularly those 
in the ?eld of electronics, have enabled fully-featured 
implantable devices to be made smaller and smaller. It is 
believed by the inventors, for example, that a single 
chamber demand pacemaker weighing less than ?ve 
grams, approximately 2.8 centimeters in diameter, and 
having a volume of approximately 2.5 cubic centimeters 
is technologically feasible and could soon be commer 
cially available. A conventional connector, even in its 
smallest practical configuration, would be larger and 
possibly heavier than an implantable device of such 
dimensions. The practical limitations on the miniatur 
ization of a connector arise from the fact that the con 
nector’s set screws must not be made so small as to 
become difficult to seat a tool and tighten, or to become 
insufficiently strong. There are similar limitations on the 
miniaturization of other types of lead connection struc' 
tures. 
For any type of lead connection which requires a lead 

terminal to be disposed at the connected end of the lead, 
the length of the lead is determined at the time of manu 
facture of the lead, and cannot be changed at the time of 
implant. Since every patient’s anatomy is unique and the 
implant site of a pacemaker may vary from patient to 
patient, there is typically some excess length of lead 
when a ?xed-length lead is implanted. Typically, the 
excess length of lead is gathered together or simply 
wrapped around the implanted device. This can result 
in problems such as discomfort to the patient, lead fail 
ure due to kinks or bends in the excess length of lead, or 
displacement of the lead due to forces exerted on the 
excess length of lead. Additionally, the excess lead wrap 
may adversely effect the function of activity-based 
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pulse generators by lying across the sensor-carrying 
face of the generator’s housing. 

It is believed by the inventors, therefore, that there 
exists a need for an alternative lead connection arrange 
ment which is readily adaptable to smaller implantable 
devices. It is also believed by the inventors that it would 
be advantageous to provide a lead connection arrange 
ment in which the length of the implanted lead can be 
customized for each patient. 

SUMMARY OF THE INVENTION 

An alternative to the conventional means for estab 
lishing a mechanical and electrical coupling between a 
coiled conductive lead and an electronic device is pro 
vided by the threaded connector assembly of the pres 
ent invention, in which a pin projecting out of the elec 
tronic device is threaded so as to engage the conductor 
coils of the lead. The threaded pin, being slightly over 
sized with respect to the inner diameter of the conduc 
tor coils, expands the coils slightly as it is screwed in, 
assuring faultless electrical contact between the con 
ductor and the screw. 

Unlike a conventional bolt and nut arrangement, a 
screw and coil do not come apart by torquing. Applica 
tion of a withdrawal torquing force (i.e., torque in the 
opposite rotational direction from that used to insert the 
screw into the coil) causes the coil to reduce in diame 
ter, thereby increasing the clamping force of the coil 
around the threaded pin. . 

If it becomes necessary to disengage the pin from th 
lead coil, for example to reposition the lead or replace 
the implantable device, one may grip the coil ?rmly to 
prevent the compression of the coil around the pin as 
the pin is torqued out. Alternatively, one may simply 
cut the lead off near the projecting end of the pin and 
then remove the remaining portion of the coil either by 
pulling with enough force to straighten the conductor 
forming the coil, or by unwinding the lead conductor 
from around the threaded pin. While the former method 
has the advantage of not destroying any amount of the 
conductor coil, the amount of conductor coil destroyed 
in the latter method is minimal, since only the coiled 
length of the conductor which is in contact with the 
projecting pin is lost (assuming that the lead is cut at the 
very end of the pin). 

Since the lead connection in accordance with the 
present invention does not require the provision of a 
terminal at the connected end of the lead, the lead may 
be cut to an appropriate length to minimize excess 
lengths of lead in each patient. An excessively long lead 
may be initially introduced into the patient, with the 
excess length being helpful to the physician in facilitat 
ing proper placement of the lead. After the lead has 
been positioned, any excess length of lead may be sim 
ply cut away. 

In an alternative embodiment of the present inven 
tion, a tapered triangular connecting post is substituted 
in place of the threaded connector pin. A coiled con 
ductor lead is coupled to the tapered triangular con 
necting post by forcing the tapered pin axially into the 
coiled conductor, with or without rotational or screw 
ing force. The tapered triangular pin may be provided 
with teeth along its edges for ensuring a secure connec 
tion between the pin and the coiled conductor. 

In either of the above-noted embodiments, a lead 
connection in accordance with the present invention is 
seared and sealed by means of a bayonet-type collar 
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4 
surrounding a ?exible strain relief collar, through 
which the coiled conductor lead is threaded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features of the present in 
vention will be best appreciated with reference to the 
detailed description of a speci?c embodiment of the 
invention, which follows, when read in conjunction 
with the accompanying drawings, wherein: 
FIG. 1 is a diagram of a pacemaker and lead con 

nected in accordance with one embodiment of the pres 
ent invention; 
FIG. 2 is a diagram of the pacemaker and lead of 

FIG. 1 in a partially disconnected state; 
FIG. 3 is an enlarged perspective view of a connect 

ing post and connecting platform disposed on the pace 
maker of FIG. 1 and 2; 
FIG. 4 is an enlarged cross-sectional view of the lead 

connection of FIGS. 1 through 3 in an intermediate 
stage of assembly and connection; 
FIG. 5 is an enlarged cross-sectional view of the lead 

connection of FIGS. 1 through 4 in another intermedi 
ate stage of assembly and connection; 
FIG. 6 is an enlarged cross-sectional view of the lead 

connection of FIGS. 1 through 5 in another intermedi 
ate stage of assembly and connection; 
FIG. 7 is an enlarged cross-sectional view of the lead 

connection of FIGS. 1 through 6 in another intermedi 
ate stage of assembly and connection; 
FIG. 8 is an enlarged cross-sectional view of the 

strain relief collar of FIGS. 1 and 2; 
FIG. 9 is an enlarged cross-sectional view of the lead 

connection of FIGS. 1-7 in its final stage of assembly 
and connection; 
FIG. 10 is an enlarged perspective view of an altema 

tive embodiment of the threaded connecting post of 
FIGS. 1 and 2; 
FIG. 11 is a perspective view from above of the tri 

angular connecting post of FIG. 10; 
FIG. 12 is a perspective view of the coiled lead con 

ductor from FIGS. 1 and 2 wrapped around the triangu 
lar connecting post of FIGS. 10 and 11; and 
FIG. 13 is a perspective view of an alternative em 

bodiment of the triangular connecting pin of FIGS. 10 
through 12. 

DETAILED DESCRIPTION OF A SPECIFIC 
EMBODIMENT OF THE INVENTION 

In FIG. 1, a pacemaker 10 and pacemaker lead 12 
connected in accordance with one embodiment of the 
present invention are shown. In the presently disclosed 
embodiment of the invention, pacemaker 10 is a highly 
miniaturized, fully programmable, single-chamber (i.e., 
VVI or AAI) device weighing approximately ?ve 
grams or so. The hermetically sealed outer canister of 
pacemaker 10 has a diameter of approximately 2.8 centi 
meters and has a volume of about 2.5 cubic centimeters. 
Lead 12 in FIG. 1 is a conventional unipolar pa 

cing/sensing lead of the coiled conductor type. Such a 
lead is well-known in the ?eld, and is disclosed, for 
example, in U.S. Pat. No. 3,939,843 issued to Smyth, 
which patent is hereby incorporated by reference in its 
entirety. Typically, lead 12 is implanted with conven 
tional catheterization techniques so that the distal end 
14 of lead 12 is introduced into the atrium or ventricle 
of a patient’s heart. Distal end 14 of lead 12 has an ex 
posed electrode thereon for applying cardiac pacing 
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pulses, or sensing cardiac signals, as is well-known in 
the ?eld. 
Although the present invention is being described in 

the context of a single chamber pacemaker, it is to be 
understood that the lead connection arrangement of the 
present invention is equally applicable in dual-chamber 
pacemakers and in other situations calling for connec 
tion of a lead to a device, including but not limited to 
cardioverters, de?brillators, neural stimulators, and the 
like. 
With continued reference to FIG. 1, a bayonet-type 

fastening collar 16 is engaged on pins diametrically 
disposed on a disk-shaped connector platform, as shall 
be hereinafter shown and described in greater detail 
with reference to FIGS. 3 through 5. Bayonet collar 16 
is preferably made of a suitable bio-compatible material 
such as titanium, epoxy, polyurethane, polysulfone, or 
the like, in accordance with common practice in the art. 
Bayonet collar 16 surrounds a strain relief collar 18 
(shown in phantom in FIG. 1 since it is hidden from 
view by bayonet collar 16), which may be made of 
silicone rubber or another suitably resilient and biologi 
cally inert material, as would be apparent to one of skill 
in the art. Strain relief collar 18 has a cylindrical bore 
and integrally formed sealing rings along its axis, as will 
be hereinafter described with reference to FIGS. 7 and 
8. 
Turning to FIG. 2, the pacemaker assembly of FIG. 

1 is shown in a partially disconnected state. In FIG. 2, 
bayonet collar 16 has been disengaged from connector 
platform 20. Also in FIG. 2, strain relief collar 18 has 
been slid away from connector platform 20. 

In FIG. 3, a greatly enlarged perspective view of 
connector platform 20 and a portion of lead 12 is shown. 
As can be seen in FIG. 3, connector platform 20 actu 
ally comprises two substantially semi-circular platform 
halves 20a and 20b, disposed between opposing sup 
porting members 34 and 36. Supporting members 34 and 
36 each have an outwardly projecting bayonet pin 22 
(only one of which is visible in the perspective view of 
FIG. 3), which are engaged in L-shaped grooves in 
bayonet collar 16, as will be apparent in later Figures. 
Projecting perpendicularly upward from inbetween 
connector platform halves 20a and 20b is a threaded 
connector post 24. As will hereinafter become apparent 
with reference to FIGS. 4, 5, 6, 7, and 9, connector post 
24 is held in contact with a feedthrough terminal pro 
jecting out of pacemaker 10. 
The process of connecting lead 12 to pacemaker 10 in 

accordance with the presently disclosed embodiment of 
the invention begins with inserting the proximal end of 
lead 12 (i.e., the end to be connected to pacemaker 10) 
?rst through bayonet collar 16 and then through strain 
relief collar 18. Bayonet collar 16 and strain relief collar 
18 are not shown in FIG. 3, but are assumed to be dis 
posed along the length of lead 12 as shown in FIG. 2. 
As shown in FIG. 3, lead 12 is of the coiled conduc 

tor type, as is typical of implantable leads. Lead 12 thus 
comprises a coiled conductor 26 surrounded by a resil 
ient protective shielding 28, which may be silicone 
rubber or the like, as is commonly used in the art. The 
connection in accordance with the present invention 
involves screwing threaded connector post 24 axially 
into coiled conductor 26. This may be accomplished by 
either turning lead 12 with respect to post 24, or turning 
pacemaker 10 with respect to lead 12. Since lead 12 will 
typically be implanted prior to connection with pace 
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6 
maker 10, the latter method (in which the pacemaker is 
turned with respect to the lead) is preferable. 
Once pin 24 has been screwed into the coiled conduc 

tor of lead 12, strain relief collar 18 is slid into place 
directly above platform 20 and surrounding pin 24 and 
the terminal end of lead 12. Finally bayonet collar 16 is 
slid down around strain relief collar and engaged on 
bayonet pins 22. 
The manner in which threaded pin 24, connector 

platform halves 20a and 20b. and connector pins 22 are 
assembled during manufacture according to the'pres 
ently disclosed embodiment of the invention will now 
be described with reference to the cross-sectional view 
of FIG. 4. FIG. 4 shows a feedthrough terminal 30 
projecting upward out of the top of pacemaker 10. As 
would be known to one of ordinary skill in the implant 
able device ?eld, a feedthrough is required to allow 
electrical contact between the hermetically sealed inter 
nal circuitry and a pacing/sensing lead. In accordance 
with common practice in the art, feedthrough terminal 
pin 30 is in electrical contact with internal pacemaker 
circuitry (not shown in the Figures) but is electrically 
isolated from the outer canister of pacemaker 10. An 
insulating and/or supporting portion 32 of the feed 
through mechanism is visible in FIG. 4. It is believed by 
the inventors that any of several known feedthrough 
arrangements would be suitable for the purposes of 
practicing the present invention. It is further believed 
that the use of a particular feedthrough arrangement is 
not critical to the present invention, and that selection 
of one of several known feedthrough arrangements 
would be a matter of routine to a person of ordinary 
skill in the art. - 

Supporting members 34 and 36 are also visible in the 
cross-sectional view of FIG. 5. A cylindrical bore 38 
through support 34, and a similar bore 40 through sup 
port 36 are provided to receive the bayonet mounting 
pins 22, as shown in FIG. 3. For clarity, semicircular 
platform halves 20a and 20b are cross-hatched in FIG. 
5. A cylindrical bore in each connector half 20a and 20b 
is aligned with cylindrical bores 38 and 40 in supporting 
members 34 and 36, so that tapered mounting pins 22 
may be inserted therethrough. Threaded connector post 
24 has a tapered ?ange 25 around its base which is re 
ceived in conforming cavities 21a and 21b in respective 
connector halves 20a and 20b. In addition, connector 
post 24 has a cylindrical bore 42 which allows feed 
through terminal pin 30 to be snugly received in, allow 
ing for permanent connection (e.g., welding, staking) 
via cylindrical cavity 44 and making electrical contact 
with connector post 24. 
FIG. 5 depicts the connector assembly of pacemaker 

10 as it would appear at the end of the manufacturing 
stage, with the fit of platform halves 20a and 20b, con 
nector post 24, and pins 22 being such that these compo 
nents, once assembled as shown in FIG. 5, are rigidly 
secured in place. 

In FIG. 6, lead 12 is shown having been screwed onto 
threaded post 24 as previously described. 

In FIG. 7, strain relief collar 18 has been slid along 
lead 12 and into place around lead 12 and post 24. Of 
course, it is to be understood that strain relief collar 18 
would have been threaded onto the terminal end of lead 
12, along with bayonet collar 16, prior to screwing lead 
12 onto threaded post 24. A greatly enlarged cross-sec 
tional view of strain relief collar 18 is shown in FIG. 8. 
As shown in FIG. 8, strain relief collar 18 is provided 
with several integrally formed sealing rings along its 
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central cylindrical bore. Sealing rings 50 form a ?uid 
tight seal against protective shielding 28 of lead 12 
when lead 12 is inserted through collar 18. The sealing 
of collar 18 against shielding 28 of lead 12 can perhaps 
best be appreciated with reference to FIG. 7. 

In FIG. 9, bayonet collar 16 is shown having been 
engaged, in a conventional bayonet arrangement, 
around bayonet pins 22. This constitutes the ?nal step in 
implementing the lead connection in accordance with 
the disclosed embodiment of the invention. 
As previously noted, one advantage of the lead con 

nection arrangement presently disclosed is that no ter 
minal or other connection structure is required to be 
disposed at the connecting end of lead 12. Since any 
point along the length of lead 12 is suitable for connec 
tion in the manner just described with reference to 
FIGS. 1 through 9, lead 12 may be cut to a suitable 
length (as with scissors) at any point. This eliminates the 
problem of excess lengths of lead in a patient. After lead 
12 is implanted in a patient using conventional catheter 
ization techniques, the connecting end 12 may be 
chosen to be at any point along the length of lead 12. 
When the lead has been cut to a desired length, the 
implanted device (in the above, embodiment, pace 
maker 10) is then screwed into the lead, as described 
above. 
Should it become necessary to disconnect pacemaker 

10 from lead 12 after connection in the manner shown in 
FIG. 9, there are two possibilities. In the ?rst method, 
collar 16 may be disengaged from pins 22 and pulled 
away from the connecting area, and collar 18 similarly 
slid along lead 12 away from the connecting area, re 
sulting in the situation depicted in FIG. 6. Then, lead 12 
may be simply cut off, at the point designated in FIG. 6 
by dashed line 52. This leaves a small remainder of 
coiled conductor 26 wound around post 24; this remain 
der of lead 12 may be pulled away from post 24 (with 
enough force to straighten conductor 26), or unwound 
from post 24, and discarded. In the second disconnec 
tion method, bayonet collar 16 and strain relief collar 18 
are ?rst slid off as before to yield the situation depicted 
in FIG. 6. Then, opposing pressure from the thumb and 
fore?nger is exerted on the portion of coiled conductor 
26 surrounding post 24, in the regions designated gener 
ally by arrows 54 and 56 in FIG. 6. As this pressure is 
applied, post 24 may be unscrewed from coiled conduc 
tor 26. The tightening or clamping effect that would 
otherwise prevent post 24 from being unscrewed is 
avoided by the pressure exerted at points 54 and 56, as 
this pressure prevents the constricting of the coils of 
conductor 26. If pressure is not exerted as shown in 
FIG. 6, attempting to unscrew post 24 from coiled con— 
ductor 26 would cause the coils of conductor 26 to 
constrict around post 24, as previously noted. 
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8 
From the foregoing detailed description of a pre 

ferred embodiment of the invention, it should be appar 
ent that a lead connection arrangement particularly 
suitable for use with implanted medical devices has 
been disclosed. Although a particular embodiment of 
the invention has been described in detail, this has been 
for the purposes of illustration only. It is to be under 
stood that various alterations, substitutions, or modi?ca 
tions may be made to the disclosed embodiment without 
departing from the spirit and scope of the appended 
claims, which follow. 

In particular, with regard to alternatives available in 
the practice of the invention, the inventors have con 
templated a modi?cation to the above-described em 
bodiment in which terminal post 24 is replaced with a 
tapered triangle pin 60 such as is depicted in FIG. 10. In 
FIG. 10, it is to be understood that components therein 
which are identical to components in the previously 
disclosed embodiment have retained the same reference 
numerals as in FIGS. 1-9. 

In FIG. 10, threaded terminal post 24 has been re 
placed with tapered triangle connector pin 60. A view 
of pin 60 from above looking straight downward is 
shown in FIG. 11. For the embodiment of FIG. 10, lead 
12 is attached to tapered triangle terminal pin 60 by 
pushing coiled conductor 26 straight down around pin 
60, that is, without rotation of lead 12. Alternatively, 
the generator may be screwed into the lead. However, 
the push on feature is required for bipolar or multipolar 
lead connection. The tapered shape of‘ pin 60 causes 
coiled conductor 26 to be secured to pin 60 by com 
pressing around it, as shown in FIG. 12. If desired, 
tapered pin 60 may further be provided with teeth 62 
along its edges, as depicted in FIG. 13. Teeth 62 would 
serve a similar function to the threads of connector pin 
24, namely to grip the windings of coiled conductor 26. 
As with threaded connector pin 24, lead 12 may be 
removed from triangular pin 60 by either pulling and 
unwinding, or by unscrewing. 
What is claimed is: 
1. A pacemaker, comprising a pulse generator in a 

hermetic container having a connector means for con 
nection to a pacemaker lead, said connector means com 
prising a tapered triangular connector post sized to be 
received within a bore of a coiled conductor within a 
pacemaker lead upon said connector post being forced 
axially into said bore and to grip the lead by inducing a 
tightening of said coiled conductor around said connec 
tor post. 

2. A pacemaker in accordance with claim 1 wherein 
said tapered triangular connector post has teeth along 
edges thereof for engaging coils of said coiled conduc 
tor upon said connector post being forced axially into 
said bore. 

* * * * * 


